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g© Method for producing coplanar multi-level metal/insulator films on a substrate. 



The method comprises the following steps: 
CM providing a substrate (3) having an underlying metal- 
lization (4) therein; placing an insulator (5, 6, 8) on 
said substrate (3): selectively removing first portions 
Si of said insulator at first locations, said first portions 
partially penetrating through said insulator; selec- 
tively removing second portions of said insulator at 



second locations, said second portions penetrating 
fully through the remainder of said insulator; said 
second portions being in alignment with some of 
said first portions; simultaneously depositing metal - 
(9) over said insulator to form said overlying metal- 
lization in said first locations and said stud via con- 
nections in said second locations, and removing any 



Xerox Copy Centre 



0 224 013 



of said metal (9) which overlies said insulator at 
locations other than said first locations. The method 
is applied for forming simultaneously an overlying 
metallization pattern and stud via connections to an 
underlying metallization. 
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Method for Producing Coplanar Multi-Level Metal/Insulator Films on a Substrate 



The present invention relates to the manufac- 
ture of semiconductor chips in general. 

A semiconductor chip consists of an array of 
devices whose contacts are interconnected by pat- 
terns of wiring metal stripes. In VLSI chips, these 
metal patterns are multi-layered and separated by 
layers of insulating material. Interconnections be- 
tween different levels of metal wiring' patterns are 
made by holes (or via holes), which are etched 
through said layers of insulating material. Typical 
chip designs consist of one or two wiring levels, 
with three wiring levels being the current state of 
the art. Circuit cost and performance requirements 
continue to place demands on the fabrication pro- 
cesses in such a way that the addition of sup- 
plementary wiring levels must remain competitive 
even though additional processing steps are in- 
volved. However, the existing technique of using 
via-holes has multiple limitations and drawbacks in 
that, as the number of metallization layers in- 
creases, wiring becomes increasingly difficult, as 
may be clearly understood from Fig. 1. 

The semiconductor structure 10 shown in Fig. 
1 is a typical example of said current state of the 
art technology. It is comprised of a silicon sub- 
strate 11 of a predetermined conductivity type hav- 
ing a patterned first insulating layer 12 of silicon 
dioxide (Si0 2 ) thereon. The first level of metal- 
lization is represented by a metal land 13 which 
makes contact through via hole 14 with a region 15 
of the substrate. It makes contact, for example as 
an ohmic contact, with the emitter region of a 
bipolar transistor (not represented). 

The second level of metallization represented 
by metal land 16 makes an electrical contact with 
metal land 13 through via hole 17 of the second 
insulating layer 18. The structure is passivated with 
a third insulating layer 19. Although the structure 
depicted in Fig. 1 is not to scale, it exemplifies the 
very irregular surface, far from planar, which results 
from the standard process. 

With such a non-planar structure, the known 
problems are: first a risk of a potential short at 
location A between the first and second levels of 
metallization, due to the thinning of the insulating 
layer therebetween, and second the risk of a poten- 
tial open circuit at location B, due to the thinning of 
the metal layer at that location (so called necking 
effect). Those risks are unacceptable for the high 
standard of reliability which are required in that 
industry. Therefore there is a present and serious 
need to improve the via-hole technique to solve the 
acute problem of planarizing such irregular sur- 
faces. 



Separate processes typically are used for mak- 
ing a given patterned metal level and for making 
stud via connections from the given level to a latter 
formed overlying patterned metal level. One exam- 
5 pie of such processes is described in Process for 
Multilayer Metal Technology, by G. T. Chiu et ah. 
IBM Technical Disclosure Bulletin, Vol. 25, No. 10, 
March 1983, pg. 5309. According to the described 
technique, a lower level metal contact or conduc- 

w tive pattern is formed in an insulator layer, stud 
connectors are fabricated at selected locations of 
the lower level metal pattern, insulator material is 
placed about the stud connectors, an overlying 
insulator layer is deposited and patterned, and an 

is upper level metal or other conductive pattern is 
placed in the overlying insulator layer. Not only is 
the cited technique complicated and costly but the 
planarization of the individual metal and stud levels 
is difficult to accomplish. 

20 It is the object of the invention to provide a 
simple reliable method for producing coplanar 
multi-level metal/insulator films on a substrate by 
which conductive lines as well as stud via metal 
contacts are simultaneously formed. This object is 

25 achieved by a method as defined in claim 1. The 
inventive method is especially suitable for applica- 
tion in the manufacturing of high performance VLSI 
semiconductor chips. 

Preferably the method is conducted in the fol- 

30 lowing way: 

A first planarized layer of insulation is depos- 
ited over a first level. of patterned conductive ma- 
terial to which contacts are to be selectively estab- 
lished. The first layer then is covered by an etch 

35 stop material. Contact holes are defined in the etch 
stop material using conventional photolithography 
at locations where stud connectors are required. 
The thickness of the first layer of insulation is 
made equal to the desired stud height. The first 

40 layer of insulation is not etched at this time. 

Next, a second planarized layer of insulation, 
having a thickness equal to the thickness of the 
second level of patterned conductive material of 
the multi-level structure, is deposited over the etch 

45 . stop material. The second layer insulation, in turn, 
is etched by photolithography down to the etch 
stop material to define desired wiring channels, 
some of which will be in alignment with the pre- 
viously formed contact holes in the etch stop ma- 

50 terial. In those locations where the contact holes 
are exposed, the etching is continued into the first 
layer of insulation to uncover the underlying first 
level of patterned conductive material. 
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The channels and via holes etched into the 
second and first layers of insulation, respectively, 
are overfilled with metallization. The excess metal- 
lization, on top of the second layer of insulation but 
not in the channels or via holes is* removed by 
etching or by chem-mech (chemical-mechanical) 
polishing. In the case of etching, the same tool 
used for the deposition of the overfilled metal- 
lization can be adapted for in-situ plasma mode 
etching of the excess metallization. Chem-mech 
polishing can be achieved following the teachings 
described in EU Patent Application Serial Number 
86 110 461.0 to K.D. Beyer et al with the title 
"Chem-Mech Polishing Method For Producing 
Coplanar Metal/Insulator Films On A Substrate", 
the disclosure of which is incorporated herein by 
reference. 

A method is disclosed in this European ap- 
plication for producing coplanar metal/insulator 
films on a substrate according to a chem-mech 
polishing technique. In one example a substrate 
having a patterned insulating layer of dielectric 
material thereon is coated with a layer of metal. 
The substrate is then placed on a parallel polisher, 
e.g. in the one described in the IBM Technical 
Disclosure Bulletin, Volume 15. No. 6, November 
1972, pp. 1760 -1761, and the metal is removed 
elsewhere except in the holes of the pattern where 
it is left intact. This is made possible through the 
usB of an improved selective slurry which removes 
the metal much faster than the dielectric material. 
The insulating layer may then be used as an auto- 
matic etch stop barrier. 

Is the material to be polished a metal, like Al or 
its alloys, a slurry comprising an acetic solution of 
dispersed silica particles or alumina powder is 
used. The solution has a p H of less than 3 and the 
acid used is selected from the group HjSO*. 
CH 3 C00H and HNO,. In the application also the 
chem-mech polishing of insulators like quartz is 
described. Is for example quartz to be polished 
with a large removal rate and a metal, like Al-Co 
with a small removal rate, an appropriate slurry 
comprises a basic solution (p H 11 to 11.5) of potas- 
sium hydroxide and silica particles. 

Chem-mech polishing processes with large re- 
moval rates ratios can be found for many combina- 
tions of metals and dielectric materials. The advan- 
tages of the chem-mech technique are that it is 
faster than lift-off processes, less extensive and 
extendable to finer dimensions. 

Other advantageous embodiments of the inven- 
tive method are disclosed in the subclaims. 

Fig. 1 shows a schematic cross-sectional 
view of a multiiayered metal semiconductor struc- 
ture fabricated according to standard processes 
and exhibiting a typical non-planar surface. 



Figs. 2-6 are a series of simplified cross- 
sectional views of the formation of coplanar multi- 
level metal/insulator films on a substrate resulting 
at successive stages during the course of the 
s method of the present invention. 

Fig. 2 shows a structure 1 which typically in- 
cludes a substrate 2 consisting of a first planarized 
layer 3 of dielectric material deposited over a first 
level 4 of patterned conductive material. In a gen- 
re eral case, conductors 4 may or may not penetrate 
fully through insulation 3 which, in turn, is located 
over an integrated circuit chip. In the former in- 
stance conductors 4 would be contact metallurgy 
to devices (not shown) formed in the chip. In the 
T5 latter instance (shown) conductors 4 would be a 
level of metallization insulated from the chip sur- 
face. As is well understood, insulation 3 commonly 
comprises planarized SiO* or reflowed 
phosphosilicate glass whereas conductors 4 typi- 
20 cally are copper-doped aluminum or doped poly- 
crystalline silicon. The specific nature of insulation 
3 and conductors 4 is not of moment to the present 
invention. 

A first planarized layer of insulation 5, such as 

25 sputtered quartz, is deposited over substrate 2 in a 
thickness equal to the desired height of stud via 
connections. 

A thin layer of etch stop material 6, such as 
aluminum oxide, is deposited and patterned so as 

30 to provide a window 7 at 6ach location where a 
stud via connection is to be formed between under- 
lying metallization level 4 and an overlying metal- 
lization level (not shown in Fig. 2) to be deposited 
later. In preparation for the overlying metallization 

35 level, a second planarized layer of insulation 8, for 
example sputtered quartz or a composite Si 3 N 4 / / Si0 2 
layer (deposited by CVD), is placed down, as 
shown in Rg. 3, over the structure shown in Fig. 2. 
The thickness of layer 8 determines the thickness 

40 of an overlying level of metallization to be formed 
in channels to be etched completely through layer 
8. 

Channels are defined by standard photolithog- 
raphy in a resist layer (not shown) over layer 8. In 

45 places where a stud via connection to underlying 
metallization 4 is desired, the respective channel 
opening in layer 8 must be aligned with a hole 
(such as hole 7) in etch stop layer 6. To facilitate 
the alignment, the channel width is wider than the 

50 hole, as shown in Fig. 4. The etching of the layer 8 
terminates at the etch stop layer where no via is 
needed. In the case where the layer 8 is sputtered 
quartz and the etch stop layer is AI,Oi. reactive ion 
etching using CF4/O2 is appropriate. 

55 After the channels are defined, an overlying 
level of metallization 9. e.g.. Al-Cu. Al-Si or Tung- 
sten is deposited over the structure of Fig. 4 as 
shown in Fig. 5. The thickness of metallization 9 is 
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at least as great as the height of the stud via 
connection 10 (equal to the thickness of layers 5 
and 6) plus the thickness of the underlying metal- 
lization 5. In the event that layer 5 is CVD Tung- 
sten, the same tool used to deposit the Tungsten 
also can be used to etch it back in situ in a plasma 
mode so as to coplanarize the surfaces of layers 8 
and 9. Alternatively, layer 9 may be planarized by 
the chem-mech method taught in copending EU 
Patent Application Serial Number 86 110 461.0. 
The result is shown in Fig 6. 

A final thin passivation insulator is required on 
top of the metal pattern 9 if it is the final metal 
level. If the wiring level of pattern 9 is to be 
followed by one or more additional wiring levels, 
then the above described stud via and overlying 
metallization steps plus the associated insulation 
layer steps are repeated for each additional wiring 
level. 

Although the preferred method described with 
the aid of Figs. 2-6 makes use of etch stop layer 6 
and insulation layers 5 and 8, the method may be 
practiced satisfactorily without the extra steps asso- 
ciated therewith. Instead, a single insulation layer 
having a thickness equal to the sum of layers 5 
and 8 can be deposited on substrate 2. Then, the 
same photolithography can be used (as produced 
the pattern in insulator 8 of Fig. 4) while stopping 
the etching of the single insulation layer when the 
desired depth for conductors 9 of Fig. 6 is reached. 
The additional etching of the single insulation layer 
(to open stud via holes where required) can be 
accomplished by additional photolithography cor- 
responding to that used to open hole 7 of Fig. 2. 
The same metallization and planarization steps of 
Figs. 5 and 6 can then be applied. 

Although the preferred embodiment also makes 
use of sputtered quartz or composite SijIV/SiO, for 
insulation layers 5 and 8, other insulation materials, 
such as spin-on poly im ides, also are suitable. 
Compatible etch stop layer materials include spin- 
on glass and plasma nitride where polyimide in- 
sulation is used. 



Claims 

1. A method for producing multi-level coplanar 
metal/insulator films comprising the steps of: 
providing a substrate (3) having an underlying 
metallization (4) therein; 
placing an insulator on said substrate; 
selectively removing first portions of said insulator 
at first locations where an overlying metallization is 
desired, said first portions partially penetrating 
through said insulator; 

selectively removing second portions of said in- 
sulator at second locations where stud via connec- 



tions are desired, said second portions penetrating 
fully through the remainder of said insulator; 
said second portions being rn alignment with some 
of said first portions; 
s simultaneously depositing metal (9) over said in- 
sulator to form said overlying metallization in said 
first locations and said stud via connections in said 
second locations, and 

removing any of said metal (9) which overlies said 
10 insulator at locations other than said first locations. 

2. The method defined in claim 1 wherein said 
removing is accomplished by chemical-mechanical 
polishing. 

3. The method defined in claim 1 or 2 wherein 
15 said insulator comprises: 

a first insulator layer (5); 
an etch stop layer (6), and 
a second insulator layer (8). 

4. The method defined in claim 3 wherein said 
20 first portions are removed from second layer (8), 

and 

said second portions are removed from said etch 
stop layer (6) and said first layer (5), 
said first layer (5) being adjacent said substrate (3). 
25 5. The method defined in claim 3 or 4 wherein 

said first and second layers (5, 8) are quartz, and 
said etch stop layer (6) is Al,0>. 

6. The method defined in any one of claims 3 
to 5 wherein said first layer (5) is selected from the 

30 group comprised - of sputtered quartz, 
phosphosilicate glass and polyimide, 
said second layer (8) is selected from the group 
comprised of quartz, polyimide and a composite 
consisting of Si 3 N 4 and SiOj, and 

35 said metal (9) is selected from the group com- 
prised of Al-Cu, Al-Si and Tungsten. 

7. The method defined in any one of claims 1 
to 6 wherein said insulator is planarized. 

8. The method defined in one of claims 1 to 7 
40 wherein said steps other than said step of provid- 
ing said substrate are repeated in sequence a 
desired number of times. 
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FIG. 5 




FIG. 6 



